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Euphorbiaceae is among the large flowering plant families consisting of a wide variety of vegetative 
forms some of which are plants of great importance. Its classification and chemistry have of late been 
subjects of interest possibly because of the wide variety of chemical composition of its members, many 
of which are poisonous but useful. In this review, we have tried to demonstrate why Euphorbiaceae are 
important medicinal plants. Two important issues have come up. The worldwide distribution of the 
family exposes its members, to all sorts of habitats to which they must adapt, therefore inducing a large 
variety of chemicals (secondary substances) that are employed for survival/defense. Succulence and 
the CAM (crassulacean acid metabolism) pathway that characterize a good number of its members were 
quoted as some of the adaptations that aid colonization and survival to achieve this induction. We have 
also found out that medicinal properties of some of its species may be due to stress factors that 
characterize most habitats of the family. Varying stress factors like temperature, salinity, drought and 
others were seen to operate in tandem with genetic factors such as gene expression and mutation 
loads to bring about synthesis of a wide assemblage of secondary substances that may probably be 
responsible for the family’s medicinal nature. It was concluded that the family is a good starting point 
for the search for plant-based medicines. 
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INTRODUCTION 
 
Family Euphorbiaceae as traditionally delimited 
(Euphorbiaceae s.l., Webster 1994) is one of the largest 
families of flowering plants, composed of over 300 
genera and 8,000 species. According to the latter author, 
the family is very diverse in range, composed of all sorts 
of plants ranging from large woody trees through climbing 
lianas to simple weeds that grow prostrate to the ground. 
Members are widely distributed all around the world 
constituting both old world and new world plants some of 
which are yet to be identified. Many family members are 
inhabitants of tropical climates surviving hot dry desert 
conditions  while  others  are  rainforest  trees  and herbs.  
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The family consists of species of great economic 
importance like Ricinus communis L. (castor oil plant), 
Manihot esculenta Crantz (cassava) and Hevea 
brasiliensis Willd. Ex. A. Juss (rubber tree) among others 
but also noxious weeds like Euphorbia esula L. and 
Euphorbia maculata L. (Schultes, 1987). The implication 
of this is that Euphorbiaceae is a complex family with a 
lot of research potential.  
Complexity in habitat range and variability in 
morphology and genetics has made Euphorbiaceae 
classification difficult. Homogenous families have their 
classification based on simple, unique characteristics that 
cut across the family, e.g. monocotyledony and parallel 
venation for family Poaceae. In the case of 
Euphorbiaceae, there appears to be no particular and 
easily  observable  feature   that   can   be   used   for   its  
  
 
 
classification. In agreement with this, Webster (1994) 
states that no single feature characterizes the 
Euphorbiaceae. Instead, he enumerates several 
anatomic features like wood structure, laticifer type, 
trichomes and nature of stomata as being important for 
family classification, while others like pollen nuclear 
numbers, exine structures, type of pollination and 
inflorescence types are important for classifying genera, 
tribes and subfamilies. 
According to Webster (1975), there have been several 
Euphorbiaceae classifications dating as far back as 1824 
by taxonomists like Adrien Jussieu who identified the 
family’s genera and Jean Mueller who provided a first 
detailed classification of the family into subfamilies, tribes 
and sub-tribes. Webster (1975) believes that Mueller’s 
classification of 1866 was a milestone in Euphorbiaceae 
classification. He argues that Mueller was the first to use 
coherent phylogenetic characteristics that for a long 
period withstood the test of time. 
Using Mueller’s classification as a skeleton, Webster 
employed phylogenetic structures such as pollen 
morphology and anatomy to come up with his own 
classification. He divided the family into five subfamilies 
that is, Acalyphoideae, Crotonoideae, Euphorbioideae, 
Phyllanthoideae and Oldfieldoiideae (Webster, 1975). 
According to this classification, the first three subfamilies 
are characterized by one ovule per locule (uni-ovulate) 
while the last two have two ovules (bi-ovulate). For 
several decades, this was the (traditional and) generally 
accepted form of classification. 
As is common with such large and diverse families like 
Euphorbiaceae, there was constant pressure and 
proposals to re-define the family boundaries, to exclude 
genera that appear il-fitting and include those that appear 
left out, but also to carry out internal re-organization of 
subfamilies, tribes and sub-tribes. Phytochemical and 
molecular phylogenetic studies eventually accumulated 
evidence pointing to non-monophyly of Euphorbiaceae 
(Seigler, 1994b; Tokuoka and Tobe, 1995). This 
culminated into partitioning of the traditional 
Euphorbiaceae into five families, where only uni-ovulate 
subfamilies constituted family Euphorbiaceae sensu lato, 
others being upgraded with additions or subtractions into 
their own families (Webster, 1994) and was validated by 
the APG II group (Wurdack et al., 2005).  
The new classification left family Euphorbiaceae s.l. 
with five subfamilies, 49 tribes, 317 genera and about 
8,000 species (Webster, 1994). However, little 
experimental support met this classification and more 
studies both in support and against or to further re-
organize the family have since been in progress (Bruyns 
et al., 2006; Davis et al., 2007; Henderson, 1992; 
Hoffmann and McPherson, 2007; Seigler, 1994; Tokuoka, 
2007; Wurdack et al., 2005). 
Using recent molecular study results based on DNA 
sequencing with molecular markers rbcL, atpB, matK and 
18S  rDNA;  plastids  RBCL  and  TRNL-F  and  a nuclear  
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gene PHYC (Tokuoka, 2007; Wurdack et al., 2005), 
Euphorbiaceae s.l. family has recently been split again 
into five families namely Euphorbiaceae sensu stricto, 
Pandaceae, Phyllanthaceae, Picrodendraceae, and 
Putranjivaceae (Tokuoka, 2007). Work on re-organization 
and proof of monophyly within these groups has been 
going on (Riina et al., 2010; Sierra et al., 2010; 
Vorontsova and Hoffmann, 2008; Vorontsova et al., 2007; 
Wurdack and Davis, 2009). According to Stevens (2010), 
Euphorbiaceae Jussieu s.s is now made up of 218 
genera and 5,735 species and has been subdivided into 
four (supported) clades namely Chelosiodeae K. 
Wurdack and Petra Hoffmann, Acalyphoideae Beilscmeid 
s.s, Crotonoideae Beilschmeid s.s, and Euphorbiodeae 
Beilscmeid s.s.  
 
 
A note on Euphorbiaceae ethnomedicine 
 
Just like the complexity in classification, ethnomedicine of 
Euphorbiaceae is very diverse. According to Seigler 
(1994), this diversity is due to the presence of a wide 
range of unusual secondary metabolites that makes most 
of the members poisonous. The family hosts one of the 
most poisonous substances of plant origin that is, ricin, 
which is a protein found in Ricinus communis (Palatnick 
and Tenenbein, 2000), whereas other species like 
Jatropha curcas L. are reported to be comparatively 
poisonous (Mampane et al., 1987).  
In an attempt to reveal the wide diversity of poisons of 
the family, Abdel-Fattah (1987) lists examples of species 
with following features: fish poisons e.g. Euphorbia 
scheffleri Pax, Euphorbia tirucalli L., and Euphorbia 
inaequilatera Sond; human poisons: Euphorbia ledienii A. 
Berger, Euphorbia heterophylla L., Euphorbia cooperi 
N.E.Br. ex A. Berger, Euphorbia candelabrum Kotschy, 
Euphorbia virosa Willd., Euphorbia poissonii Pax, 
Euphorbia unispina N.E.Br. and Euphorbia venenifica 
Tremaux ex Kotschy; poisons of domestic animals: 
Euphorbia caput-medusae L., Euphorbia silenifolia 
(Haworth) Sweet, Euphorbia ingens E. Mey. Ex Boiss; as 
well as irritating ones: E. tirucalli, Euphorbia poissonii, 
Euphorbia unispina and E. venenifica. In addition, some 
members are said to cause or influence susceptibility to 
certain body ailments. For example E. tirucalli, Euphorbia 
leuconeura, J. curcas and others are known to be co-
carcinogenic and can influence/promote excessive cell 
division resulting in tumour growth (Hirota and Suttajit, 
1988; Van Damme, 2001; Vogg et al., 1999). Also latex 
of E. tirucalli and Euphorbia royleana is known to cause 
conjunctivitis on contact with eyes (Shlamovitz et al., 
2009; Van Damme, 1989). 
However, some members are very useful substances. 
Since time immemorial, many Euphorbiaceae have been 
popular traditional medicinal herbs. Genus Euphorbia and 
indeed family Euphorbiaceae were named in honour of a 
Greek  physician  to  King  Juba  II  of  Mauritania   called  
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Euphorbus believed to have used Euphorbia resinifera 
latex to cure ailments for example, when the King had a 
swollen belly (Lovell, 1998; Van Damme, 2001). As early 
as 2 BC, Euphorbiaceae such as Croton oblongifolius 
Roxb. and Croton tiglium Willd. were used to cure liver 
diseases, sprains, snake bites, and as a purgative for the 
first as well as insanity, convulsions, asthma, tumors, 
rheumatism for the latter, as documented in the Indian 
Ayurveda medicine system (Kapoor, 1989). Hooper 
(2002) also reports the use of Euphorbia polycarpa, 
Euphorbia hirta, and Acalypha indica L. for treatment of 
different ailments in the ancient Ayurveda system. In 
ancient Chinese medicine, Lai et al. (2004) report 33 
species belonging to 17 genera of Euphorbiaceae used in 
herbal medicine. Similar reports have been cited for the 
ancient Yucatan herbal system applying different 
Euphorbiaceae like Euphorbia ptercineura for asthma 
and cough; Croton peraeruginosus for pimples and 
Phyllanthus micrandrus Müll. Arg. for wounds, 
inflammations and infections among others (Ankli et al., 
1999). 
Even today, many Euphorbiaceae plant concoctions, 
fresh latex and teas are used in alternative medicine. For 
example, E. tirucalli is known for its curative features 
against diseases like warts, cancer, gonorrhea, arthritis, 
asthma, cough, earache, neuralgia, rheumatism, 
toothache, excrescences, tumours and others (Cataluna 
and Rates, 1999; Duke, 1983; Van Damme, 1989). 
Euphorbia thymifolia is used as an anti-viral against 
simplex virus-2 (Gupta, 2007) whereas E. maculata is 
said to cure cholera, diarrhea and dysentery 
(www.botanical.com.). The latter website lists a number 
of Euphorbiaceae with varying curative features 
including: Euphorbia. peplus L., Euphorbia. peploides, 
Euphorbia pilosa, Euphorbia palustris being remedies for 
hydrophobia; Euphorbia peplus, Euphorbia helioscopia, 
Euphorbia humistrata, Euphorbia hypericifolia, Euphorbia 
portulacoides L., Euphorbia iata Engelm, Euphorbia 
marginata Pursh, Euphorbia drummondii and Euphorbia 
heterodoxa for general home ailments. Most of the 
species, however, are cited in folk medicine where their 
dosage and efficacy are not clear hence the need for 
medical research to establish their safety. 
Research has shown that some Euphorbiaceae are 
actually potent as medicinal plants and their extracts 
have been isolated and patented as modern drugs. A 
table of some US patents is shown in Table 1. 
Some of the extracts are registered drugs and as such 
available on the market. Examples include Euphorbium 
(resiniferatoxin), from latex of Euphorbia resinifera 
(Appendino and Szallasi, 1997) marketed as ‘Complexe 
Lehning Euphorbium N 88’ and used as a nasal spray or 
compositum against viral infections, rhinitis of various 
origins, sinusitis, chronic nasal discharge, dry and 
inflamed nasal membranes as well as flu symptoms. 
Euphorbia pilulifera (the asthma weed) extract has been 
cited in Steadman’s drugs list and can be applied  against  
 
 
 
 
asthma, coryza and other respiratory infections and as an 
anti-spasmodic (www.drugs.com). Dysenteral® is an 
extract from Euphorbia  hirta and is used in the treatment 
of diarrheal diseases (Elujoba et al., 2005) while Radix is 
an extract from Euphorbia kansui roots used as a 
purgative. Many other Euphorbiaceae are prospective 
important veterinary and agricultural biocides as 
demonstrated in literature (Table 2). 
Other uses of Euphorbiaceae include biodiesel 
production e.g. E. tirucalli (Duke, 1983; Van Damme, 
2001), Euphorbia lathyris (Duke, 1983); J. curcas (Achten 
et al., 2008; de Oliveira et al., 2009; Kaushik et al., 2007; 
Kumar and Sharma, 2005); M. esculenta (Adeniyi et al., 
2007); R. communis (Benavides et al., 2007; Meneghetti 
et al., 2007) among others. Others are sources of food 
e.g. M. esculenta (Aloys and Ming, 2006), starch e.g. M. 
esculenta (Sanchez et al., 2009; Srinivas, 2007), while 
others are ornamental due to their attractiveness such as 
Euphorbia milli,  tirucalli (Van Damme, 1989 and 2001), 
Euphorbia obesa and Euphorbia pulcherrima. Other 
minor uses include production of fuel wood, curving of 
wooden crafts, use as hedge/fence plants, timber 
production, use in re-forestation programs and others.  
The above account indicates that in addition to other 
uses mentioned, Euphorbiaceae is an important source 
of herbal medicine of human, veterinary and agricultural 
importance. The outstanding question is ‘Why is this 
family significant as a medicinal taxon?’ The objective of 
this review is to attempt to provide an explanation why 
this may be so. 
 
 
WHY IS EUPHORBIACEAE RICH IN MEDICINAL 
COMPOUNDS? 
 
Euphorbiaceae s.l. is composed of five subfamilies, 49 
tribes, 317 genera and about 8,000 species (Webster, 
1994). This makes it one of the biggest plant families with 
probably the highest species richness in many habitats. 
The implication is that in absolute terms, there is a higher 
probability of having more species that are medicinal in 
that one family as compared to other families. Although 
such comparison (as to which family has the highest 
number of medicinal species) may not have been done, it 
appears that Euphorbiaceae may not compare badly to 
other families. Cited inventories in different parts of the 
world reveal that in Kenya, of 900 medicinal species 
recorded, about 60 belong to Euphorbiaceae (Leakey, 
2006), in Loja province (Southern Ecuador) they are 11 
species of 214 (Bussmann and Sharon, 2006), in  Jinja 
district (Eastern Uganda) they are 5 out of 88 (Bukenya-
Ziraba and Kamoga, 2007), in Sango bay area (Southern 
Uganda) they are 14 out of 186 (Ssegawa and 
Kasenene, 2007), in Riau province, Sumatra, Indonesia, 
they are 11 out of 114 (Grosvenor et al., 1995). This 
approximates to about 7% of the species cited. Bearing in 
mind  that  there  are  about  350  families   in   the   plant  
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Table 1. Examples of US patents of medicinal Euphorbiaceae extracts.  
 
Patent no. Inventor Claim/ailments  Species involved Patent date 
US 5707631 Advanced plant Pharm. Inc. Therapeutic herbal 
composition 
E. lathyris January 1998 
   
 
 
US 6844013 Peplin Biotech Pyt. Immuno-stimulation E. peplus, E. hirta,  
E. drummondii 
March 2001 
   
 
 
US 2003/0165579 A1 LaRiviere Grubman and 
Payne LLP. 
Tumour inhibition E. antiquorum February 2002 
   
 
 
US 6432452 Peplin Biotech Pty. Anti-cancer 
compound 
E. peplus, E. hirta,  
E. drummondii 
August 2002 
   
 
 
US 2003/0171334 A1 Peter Gordon Parsons Prostate cancer E. aaron-rossii,  
E. tirucalli,  
E. tomentella,  
E. tomentosa 
September 2003 
   
 
 
US 6923993 Nicholas Dodato Anti-cancer 
components 
E. obesa August 2005 
   
 
 
US 2007/0248694 A1 PhytoMyco Research Corp. Anti-inflammatory 
properties 
E. hirta October 2007 
   
 
 
US 2006/0198905 A1 Rajesh Jain and others Ano-rectal and 
colonal diseases 
E. prostrata May 2008 
 
Source: United States Patent and trademark office (seen at http://patft.uspto.gov.) 
 
 
 
Table 2. Examples of pesticidal species in Euphorbiaceae and their remedies. 
 
Pesticidal  
feature 
Species Chemical compound(s) Cited reference(s) 
Anti- bacterial 
E. guyoniana Boiss. and Reut. Diterpenes El-Bassuony (2007) 
E. sororia Schrenk Ceramides and ellagic acid derivatives Zhang et al. (2008) 
E. hirta Tannins, alkaloids and flavonoids  Ogbulie et al. (2007) 
E. pubescens Vahl. Diterpenes and ent-abietanes  Valente et al. (2004) 
M. esculenta Glycocide Zakaria et al. (2006) 
E. sessiliflora Roxb. Triterpenes and ellagic acid derivatives  Sutthivaiyakit et al. (2000) 
E. segetalis L. Coumarins and steroids Madureiira et al. (2002) 
J. podagrica Hook. Diterpenoids Alyelaagbe et al. (2007) 
E. ebracteolata Hayata Casbane diterpenoids Xu et al. (1998) 
E. heterophylla Saponins, flavonoids and tannins Falodun et al. (2008) 
Drypetes inaequalis Hutch. Triterpenoid esters and saponins Awanchiri et al. (2009) 
 
 
  
Anti-viral 
E. kansui  Triterpenes,  sterols and diterpenes Zheng et al. (1998) 
E. hyberna L. Diterpenes Bedoya et al. (2009) 
E. cotinifolia L. , E. tirucalli Diterpenes Bentacur-Galvis et al. (2002) 
E. thymifolia Alkaloids Jabbar and Khan (1965) 
E. thymifolia Triterpenes and alkaloids Lin et al. (2002) 
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Table 2. Contd. 
 
Anti-fungal 
Macaranga monandra Müll.Arg. Diterpenes Salah et al. (2003) 
E. nivulia Buch.-Ham. - Annapurna et al. (2004) 
E. hirta, E. tirucalli Diterpenes and triterpenes Mohamed et al. (1996) 
R. communis Fatty acids Maria Fatima et al. (2004) 
J. curcas Glucanase protein Wei et al. (2005) 
    
 
E. tirucalli, E. helioscopia, E. 
splendens Bojer. Ex Hooke. E. 
pulcherrima Willd. Ex Klotzsch. 
Diterpenes Devi and Gupta (2000) 
E. pulcherrima - Cox et al. (2006) 
Nematicidal  Phyllanthus niruri L. Flavanones Shakil et al. (2006); Shakil et 
al. (2008) 
 
E. kansui Diterpenes and ingenane Shi et al. (2007); Shi et al. 
(2008) 
E. hirta Phenols Adedapo et al. (2005) 
J. podagrica Peptides Dahiya (2008) 
 
 
  
Moluscicidal 
E. tirucalli - Jurberg et al. (1985); 
Vassiliades (1984) 
E. conspicua N.E. Br. Diterpenes and triterpenes Dos Santos et al. (2007) 
E. splendens - de Vasconcellos and de 
Amorim (2003) 
J. elliptica Müll. Arg. Diterpenes dos Santos and Sant’Ana 
(1999) 
J. curcas Phorbal esters Gubitz et al. (1999) 
E. paralias L. Diterpenes Abdelgaleil et al. (2002) 
 
 
  
Insecticidal 
E. hirta Flavonol glycosides Liu et al. (2007) 
J. curcas Sterols, triterpenes alcohols and 
acids 
Adebowale and Adedire  
(2006)  
R. communis  Flavonoids Shripad (2003) 
R. communis Ricinine Maria Fatima et al. (2004) 
J. curcas Diterpenoids Goel et al. (2007) 
C. pseudoniveus, C. suberosus Essential oils Perez-Amador et al. (2003) 
 
 
  
Anti-
leishmanial 
D. chevalieri Furansesquiterpene and 
triterpenoids 
Wansi et al. (2007) 
J. grossidentata, J. isabellii diterpenes Schmeda-Hirschmann et al. 
(1996) 
J. grossidentata Diterpenes Akendengue et al. (1999) 
P. cajucara Essential oils Ahmed et al. (2006) 
 
 
 
Kingdom, this is not a bad score. This, however, depends 
upon the region in question since Euphorbiaceae is most 
prevalent in tropical and subtropical areas.  
According to Oldfield (1997), a good number of 
Euphorbiaceae species especially of genus Euphorbia 
(650 species), are succulent. The latter author describes 
succulence   as  a  plant  characteristic mainly  tropical or  
subtropical that  has  to  conserve  water  due  to  habitat 
aridity. Von Willert et al. (1990) describe it as a 
characteristic that makes a plant temporarily independent 
from external water supply when soil water conditions 
have deteriorated such that the roots are no longer able 
to provide the necessary water from the soil. They argue 
that  this  is  only  a   temporary  adaptation  to aridity and  
  
 
 
unless conditions allow the refilling of the plant’s 
succulent tissues, it will not survive. This implies that 
such plants tend to avoid mechanisms that result into 
water loss (including thin leaf surface, broad leaves and a 
large number of leaves), whereas they invest in features 
that conserve water such as thick waxy leaves, scaly 
leaves or thorns, fewer/sunken stomata, use of stems for 
photosynthesis, use of Crassulacean Acid Metabolism 
(CAM) and others. It is therefore a survival strategy for 
plants in arid and semi-arid areas.  
According to Griffiths et al. (2008), leaf succulence is a 
key morphological correlate of the capacity for CAM, 
since succulence increases the plants’ commitment to the 
use of CAM pathway during carbon dioxide fixation. In 
their experiments with two succulent plants, the latter 
authors found out that the magnitude of CAM was higher 
for the more succulent leaves of Kalanchoe 
daigremontiana Raym. Hamet and H. Perrier 
(Crassulaceae) compared to the less succulent leaves of 
Kalanchoe pinnata (Lam.) Pers. In the same spirit, Van 
Damme (1989) had earlier on pointed to the CAM-
succulence syndrome stating that the two have to always 
go together, to which Lüttge (2004) concurs insisting that 
all CAM plants display some level of succulence. 
The CAM pathway is known to be under circadian 
control and is subject to regulation by multiple oscillators, 
which modulate elements of the pathway in line with 
environmental conditions (Borland et al., 1999; Borland 
and Taybi, 2004). In line with this, Lüttge (2004 and 
2008) enumerates a ‘wealth of environmental factors’ 
known to determine, or at least modulate the expression 
of CAM to include: carbon dioxide, water, absolute 
temperatures, day-night temperature regimes, irradiance 
and salinity among others.  
The latter author goes on to provide a model that 
relates these factors, drawing a conclusion that CAM-
prone ecosystems are those that are governed by a 
network of interacting stress factors requiring versatile 
responses and not systems where a single stress factor 
strongly prevails. They point out a number of CAM 
domains or ecosystems that are likely to host 
CAM/succulent plants including submerged aquatic sites, 
deserts, salinas, savannahs, inselbergs, forests, and high 
latitudes such as tropical highlands and alpine regions. 
This implies that although the CAM pathway is an 
adaptation for succulent plants to balancing their carbon 
and water budgets (Lüttge, 2008; Von Willert et al., 
1990), it is also a survival mechanism for adverse 
conditions. Indeed, the extent of succulence has been 
positively correlated to both colonization of increasingly 
arid habitats and an increased contribution of CAM 
activity to total carbon gain (Herrera, 2009; Kluge et al., 
2001, Van Damme, 1989 and 2001), implying that 
succulent plants are better equipped for new habitat 
colonization than their non- or less succulent relatives, 
which gives them higher chances for survival in a wider 
habitat range.  
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As an extra adaptation, some succulent plants have been 
found to combine both C3 and CAM pathways. For 
example, Van Damme (1989 and 2001) reports that E. 
tirucalli utilizes both pathways. Its minute deciduous 
leaves utilize the C3 pathway while the stem uses CAM. 
He explains that the small leaves are preferentially used 
in normal situations whereas the green stem takes over 
when the leaves fall off in arid conditions. According to 
him, a combination of both pathways increases the 
plant’s water use efficiency (WUE) since the small leaves 
have a high affinity for carbon dioxide but tend to use 
water less efficiently. He predicts that there could be 
many other Euphorbiaceae using the same mechanism 
which he says improves productivity and ability to 
colonize a wide range of habitats. 
Euphorbiaceae are very widely distributed in almost all 
habitats and occupy a wide range of climatic and soil 
disparities. Ahmad et al. (2006) and Bloomquist (2004) 
report that different habitat conditions e.g. soils, pH, 
temperatures and moisture tend to influence plant 
physiological processes hence the manufacture and 
accumulation of different chemical substances. In 
agreement, Melten et al. (2009) confirm that plants’ 
responses can differ due to different factors. For 
example, physiological alteration of photosynthetic 
enzyme ratios to adjust to changing light conditions, 
suberin production to limit moisture loss from roots, 
genetic regulation of enzymes in response to resource 
limitation, or production of secondary metabolites in 
leaves in response to insect/microbial attack. In the same 
view, Veronese et al. (2003) found out that different 
herbivores (as found in different environments) tend to 
induce action of different defense systems. The 
implication of all this is that due to a wide range of 
conditions, which different Euphorbiaceae species are 
subjected to, the latter tend to manufacture a wide range 
of secondary plant substances to aid response to a 
disparity of stimuli in their particular habitats. For 
example, Zhang et al. (2000) reported manufacture of 
different lectins due to different environmental stress 
factors that occur in varying habitats. Lectins constitute 
part of a plant’s defense system against herbivores (Van 
Damme, 2008). Similarly, Agrawal and Rutter (1998) 
found that changes in environmental cues can trigger 
modifications in a plant’s defense strategy as was 
witnessed in ant plants (Myrmecodia spp.). Also, 
Taniguchi et al. (2002) established that production of 
secondary substances like pentagalloylglucose was 
remarkably enhanced under light irradiation compared to 
dark conditions while tannin production was greatly 
affected by changing the concentrations and composition 
of nitrogen sources. These and other findings support the 
view that Euphorbiaceae may have a variety of medicinal 
substances due to a disparity of environmental conditions 
(stress factors) accruing from a wide habitat range. 
Biosynthesis of secondary metabolites is a complex 
process  and  is  still  poorly  understood. Hadacek (2002)  
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states that biosynthesis and accumulation of secondary 
metabolites arise from highly regulated processes 
requiring both genetic and environment-specific controls. 
In a related view, Cavalier-Smith (2007) says that 
secondary metabolites are produced from universally 
present precursors mostly acetyl-CoA, amino acids or 
shikimate (shikimic acid) by taxon specific enzymes – the 
reason why most secondary metabolites are restricted to 
a single major taxon on the universal phyllogenetic tree 
or evolutionally related taxa. This specificity has been 
shown and supported by modern molecular techniques, 
for example, using cytochrome P450 enzymes (CPY79A1 
and CYP71E1) involved in biosynthesis of the cynogenic 
glucoside dhurrin in Sorghum bicolor L. (Kahn et al., 
1999). This phenomenon is not new in the plant kingdom 
because some secondary metabolites are considered to 
be so taxon specific as to be used in classification of 
certain taxa or acting as proof of monophylly 
(Gershenzon and Mabry, 1983; Herbert, 1989; Seigler, 
1994; Wink, 2003). What may be controversial, however, 
is that there is a growing volume of evidence to show that 
plants of the same genus or family may synthesize 
different or at least varying secondary metabolites when 
growing in different conditions (Figueiredo et al., 2008; 
Koricheva et al., 1998; Wink, 2003). Such inconsistencies 
in secondary metabolite profiles have been attributed to 
among other factors, differential expression of 
corresponding genes (Wink, 2003) but also change in 
gene sequence and mutations (Theis and Lerdau, 2003). 
These genetically related factors act in the wake of 
varying environmental factors, to cause alterations in 
secondary metabolite assemblages reflecting adaptations 
and particular life strategies embedded in a given 
phylogenetic framework (Koricheva et al., 1998). As 
indicated by Ogunwenmo et al. (2007), this argument 
appears plausible for the case of widely distributed 
families like Euphorbiaceae. Varying secondary metabo-
lites may be synthesized within the taxon, as a result of 
different gene expression and increasing mutation loads, 
accruing from stressful environments that characterize 
most Euphorbiaceae habitats. This may result into a 
richer assemblage of secondary metabolites within the 
family. 
During their evolution, CAM plants have developed a 
number of anatomical, physiological and genetic 
changes/adaptations, which differentiate them from C3 
plants. Cushman and Bohnert (1997) mention several of 
them such as thin-walled cells containing prominent 
vacuoles, varying degrees of succulence and capacity to 
handle high degrees of organic acid accumulation. The 
latter authors go on to say that just like evolution 
processes, CAM induction or process of shifting from C3 
to CAM, involves the regulation of a variety of enzymes 
and metabolite transporters making it a very complex 
metabolic adaptation (to environmental stress). They give 
an example of increased activities of glycolytic, 
gluconeogenic and C4 acid metabolism enzymes 
including     phosphoenolpyruvate      carboxylase    (PEPC), 
 
 
 
 
phosphoenolpyruvate carboxykinase (PEPCK) and 
pyruvate phosphate dikinase (PPDK)  which increase 40 
fold due to environmental stress. On the genetic side, the 
same authors, citing transcription essays with nuclei 
isolated from leaves of Mesembryanthemum crystallinum 
L. (Aizoaceae), show that CAM-specific genes increase 
two to six times when plants are exposed to high salinity 
(a stress factor). In support, Borland and Taybi (2004), 
note that although physiological processes associated 
with this high organic acid accumulation are energy-
intensive, the potential for high productivity is not 
compromised. To substantiate this fact, they give 
examples of agronomically important CAM species 
including pineapple (Ananas comosus Mill.) and Agave 
spp. that show productivities rivaling that of C3 and C4 
plants. Since organic acids and genes are responsible for 
physiological plant processes, this implies that CAM 
plants are likely to have higher productivity both in 
quantity and quality (variety) of chemical substances 
including enzymes, proteins, amino acid as well as 
secondary metabolites of various nature.  
Possession of a variety of chemical substances may 
entail being rich in medicinal attributes. For example, 
over sixty jatrophane, modified jatrophane, segetane, 
pepluane and paraliane diterpenoids were extracted, 
purified and characterized from different Euphorbiaceae 
such as Euphorbia dendroides, Euphorbia characias, 
Euphorbia peplus, Euphorbia amygdaloides, and 
Euphorbia paralias. Based on jatrophane and modified 
jatrophane skeletons these were shown to be potent 
inhibitors of P-glycoprotein activity – a membrane protein 
that confers upon cells the ability to resist lethal doses of 
certain cytotoxic drugs by pumping them out of the cells, 
thus reducing cytotoxic effects (Barile et al., 2008). 
Similarly, Corea et al. (2005) report the discovery of two 
new diterpenes, pepluanone 1 and 2 from E. peplus, 
which act as anti-inflammatory agents. Also Falodun et 
al. (2008) identified secondary metabolites such as 
saponins, flavonoids and tannins from E. heterophylla 
which exhibited good activity against xanthine oxidase 
enzymes. Related findings are distributed in the whole 
Euphorbiaceae literature (Table 3). 
 
 
CONCLUSION 
 
Each plant family may have its own good reason for 
possession of medicinal properties. For Euphorbiaceae 
family members, it would appear that their diverse 
medicinal properties are associated with their wide 
distribution which is supported by their survival 
adaptations such as succulence and CAM pathway. The 
exposure to a wide range of habitats predisposes them to 
inevitably high mutation loads (accruing from stressful 
habitats) and a large range of environmental stimuli 
hence the necessity to develop a wide battery range of 
defensive secondary metabolites. These issues may 
explain  why  the  family  is widely pharmaceutical. These 
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Table 3. Chemical substances found in Euphorbiaceae and their pharmaceutical indications. 
 
Chemical substance Medicinal indication Cited reference(s)  
Diterpenes 
Anti-tumor Duarte et al. (2008); Konoshima et al. (2001); Krebs et al. (2004)  
Anti-biotic El-Bassuony (2007); Li et al. (2008); Mathabe et al. (2008) 
Anti-fungal Salah et al. (2003) 
Anti-plasmodial Attioua et al. (2007) 
Anti-ulcergenic Hiruma-Lima et al. (2002) 
Trypanacidal Schmeda-Hirschmann et al. (1996) 
   
Triterpenes 
Anti-biotic Awanchiri et al. (2009); Mathabe et al. (2008) 
Vaso-depressor Barla et al. (2006) 
Anti-inflammatory Canelon et al. (2008); Nkeh et al. (2008) 
Analgesic Nkeh et al. (2003) 
Anti-fungi Ekpo and Pretorius (2007) 
   
Flavonoids Anti-malarial Liu et al. (2007) Anti-inflammatory Ekpo and Pretorius (2007) 
   
Saponins Cytotoxic Kiem et al. (2009) Anti-ulcer Ukwe (1997) 
   
Tannins 
Anti-septic Ekpo and Pretorius (2007) 
Anti-viral Bessong et al. (2006); Liu et al. (1999) 
Anti-mutagenic Rossi et al. (2003) 
Anti-fungal Hwang et al. (2001) 
   
Alkaloids Anti-microbial Dias et al. (2007); Gressler et al. (2008) Anti-tumor Suarez et al. (2004) 
   
Esters 
Anti-tumor Blanco-Molina et al. (2001); Goel et al. (2007) 
 
Anti-biotic Goel et al. (2007) 
Cytotoxic Baloch et al. (2006) 
Allergic reactions Thumm et al. (2002) 
Cancerous Cataluña and Rates (1999) 
   
Ricin 
Cytotoxic Lombard et al. (2001) 
Lipolytic Lombard et al. (2001) 
Invertase activation Vattuone et al. (1991) 
   
Phenols Anti-tumor Yu et al. (2005) Anti-oxidant Yang et al. (2007) 
 
 
 
literature review findings compare well with reports  of  
other  workers  like  Ahmad  et  al. (2006) and Okgibo et 
al. (2009) who similarly but independently reviewed a 
variety of Euphorbiaceae-based phytochemi-cals 
including alkaloids, phenols, flavonoids, saponins, 
tannins and essential oils and described their origins, 
characteristics and therapeutic uses. 
This review has revealed a rich variety of medicinal and 
potentially   medicinal  properties  of  Euphorbiaceae  and 
attempted   to   elucidate   why   Euphorbiaceae   tick   as 
medicinal plants. Euphorbiaceae is therefore, a good 
starting point for a search for phytomedicines of human, 
veterinary or pesticidal nature. 
 
 
REFERENCES 
 
Abdel-Fattah MR (1987). The chemical constituents and economic 
plants of  the  Euphorbiaceae. Bot. J. Linn. Soc., 94: 293-326. 
660          J. Med. Plant. Res. 
 
 
 
Abdelgaleil S, el-Aswad A, Nakatani M (2002). Molluscicidal and anti-
feedant activities of diterpenes from Euphorbia paralias L. Pest 
ManagE. Sci., 58: 479-482. 
Achten WMJ, Verchot L, Franken YJ, Mathijs E, Singh VP, Aerts R, 
Muys B (2008). Jatropha bio-diesel production and use. Biomass 
Bioenerg., 32: 1063-1084. 
Adebowale KO, Adedire CO (2006). Chemical composition and 
insecticidal properties of the underutilized Jatropha curcas seed oil. 
Afr. J. Biotechnol., 5: 901-906. 
Adedapo AA, Shabo OO, Adedokun OA (2005) Anthelmintic efficacy of 
the aqueous crude extract of Euphorbia hirta Linn. in Nigerian dogs. 
Vet. Arhiv., 75: 39-47. 
Adeniyi OD, Kovo AS, Abdulkareem AS, Chukwudozie C (2007). 
Ethanol fuel production from cassava as a substitute for gasoline. J. 
Disper. Sci. Technol., 28: 501-504. 
Agrawal AA, Rutter MT (1998). Dynamic anti-herbivore defense in ant-
plants: the role of induced responses. Oikos. 83: 227-236. 
Ahmad I, Farrukh A, Mohammad O (2006). Modern Phytomedicine: 
Turning Medicinal Plants Into Drugs. Wiley-VCH, York, p. 136. 
Akendengue B, Ngou-Milama E, Laurens A, Hocquemiller R (1999). 
Recent advances in the fight against leishmaniasis with natural 
products. Parasite, 6: 3-8. 
Aloys N, Ming ZH (2006). Traditional cassava foods in Burundi - A 
review. Food Rev. Int., 22: 1-27. 
Alyelaagbe OO, Adesogan K., Ekundayo O, Gloer JB (2007). 
Antibacterial diterpenoids from Jatropha podagrica hook. 
Phytochem., 68: 2420-2425. 
Ankli A, Sticher O, Heinrich M (1999). Medical ethnobotany of the 
Yucatec Maya: Healers’ consensus as a quantitative criterion. Econ. 
Bot., 53: 144-160. 
Annapurna J, Chowdary IP, Lalitha G, Ramakrishna SV Iyengar DS 
(2004). Antimicrobial Activity of Euphorbia nivulia Leaf Extract. 
Pharm. Biol., 42: 91-93. 
Appendino G, Szallasi A (1997). Euphorbium: Modern research on its 
active principle, resiniferatoxin, revives an ancient medicine. Life Sci., 
60: 681-696. 
Attioua B, Weniger B, Chabert P (2007). Antiplasmodial activity of 
constituents isolated from Croton lobatus. Pharm. Biol., 45: 263-266. 
Awanchiri SS, Trinh-Van-Dufat S, Shirri JC, Dongfack MDJ, Nguenang 
GM, Boutefnouchet S, Fomum ZT, Seguin E, Verite P, Tillequin F, 
Wandji J (2009). Triterpenoids with antimicrobial activity from 
Drypetes inaequalis. Phytochem., 70: 419-423. 
Baloch IB, Baloch MK, Saqib QNU (2006). Cytotoxlc macrocyclic 
diterpenoid esters from Euphorbia cornigera. Planta Med., 72: 830-
834. 
Barile E, Corea G, Lanzotti V (2008). Diterpenes from Euphorbia as 
potential leads for drug design. Nat. Prod. Commun., 3: 1003-1020. 
Barla A, Birman H, Kultur S, Oksuz S (2006). Secondary metabolites 
from Euphorbia helioscopia and their vasodepressor activity. Turk. J. 
Chem., 30: 325-332. 
Bedoya LM, Marquez N, Martinez N, Gutierrez-Eisman S, Alvarez A, 
Calzado MA, Rojas JM, Appendino G, Munoz E, Alcami J (2009). 
SJ23B, a jatrophane diterpene activates classical PKCs and displays 
strong activity against HIV in vitro. Biochemim. Pharmacol., 77: 965-
978. 
Benavides A, Benjumea P, Pashova V (2007). Castor oil biodiesel as an 
alternative fuel for diesel engines. Dyna-Colombia, 74: 141-150. 
Bessong PO, Rojas LB, Obi LC, Tshisikawe PM, Igunbor EO (2006). 
Further screening of Venda medicinal plants for activity against HIV 
type 1 reverse transcriptase and integrase. Afr. J. Biotechnol., 5: 526-
528. 
Betancur-Galvis LA, Morales GE, Forero JE, Roldan J (2002). Cytotoxic 
and Antiviral Activities of Colombian Medicinal Plant Extracts of the 
Euphorbia genus. Mem. I. Oswaldo Cruz., 97: 541-546. 
Blanco-Molina M, Tron GC, Macho A, Lucena C, Calzado MA, Munoz 
E, Appendino G (2001). Ingenol esters induce apoptosis in Jurkat 
cells through an AP-1 and NF-kappa B independent pathway. Chem. 
Biol., 8: 767-778. 
Bloomquist MG (2004). Nutrient deficiencies.  
www.certifiedorganic.bc.ca. Acessed on 03 April 2010. 
Borland A, Hartwell J, Jenkins G, Wilkins M, Nimmo H (1999). 
Metabolite         control      overrides       circadian       regulation      of  
 
 
 
 
phosphoenolpyruvate carboxylase kinase and CO2 fixation in 
Crassulacean acid metabolism. Planta., 205: 342-351. 
Borland AM, Taybi T (2004). Synchronization of metabolic processes in 
plants with Crassulacean acid metabolism. J. Exp. Bot., 55: 1255-
1265. 
Bruyns PV, Mapaya RJ, Hedderson T (2006). A new subgeneric 
classification for Euphorbia (Euphorbiaceae) in southern Africa based 
on ITS and psbA-trnH sequence data. Taxon., 55: 397-420. 
Bukenya-Ziraba R, Kamoga D (2007). An inventory of medicinal plants 
used in treating poultry diseases in Jinja district, eastern Uganda. Afr. 
J. Ecol., 45: 31-38. 
Bussmann R, Sharon D (2006). Traditional medicinal plant use in Loja 
province, Southern Ecuador. J. Ethnobiol. Ethnomed., 2: 44. 
Canelon DJ, Suarez AI, De Sanctis J, Mijares M, Compagnone RS 
(2008). New antiinflammatory cycloart-23-ene-3 beta-ol from 
Senefelderopsis chibiriquetensis. Nat. Prod. Commun., 3: 895-897. 
Cataluna  RSMK (1999).The traditional use of the latex from Euphorbia 
tirucalli Linnaeus (Euphorbiaceae) in the treatment of cancer in South 
Brazil. Second World Congress on Medicinal and Aromatic Plants for 
Human Welfare Wocmap, 2: 501: 289-295. 
Cavalier-Smith T (2007). Origins of Secondary Metabolism, In J. W. 
Derek J. Chadwick, ed. Ciba Foundation Symposium 171 - 
Secondary Metabolites: their Function and Evolution, pp. 64-87. 
Corea G, Fattorusso E, Lanzotti V, Di Meglio P, Maffia P, Grassia P, 
Lalenti A, Lanaro A (2005). Discovery and biological evaluation of the 
novel naturally occurring diterpene pepluanone as Antiinflammatory 
agent. J. Med. Chem., 48: 7055-7062. 
Cox CJ, McCarty LB, Toler JE, Lewis SA, Martin SB (2006). 
Suppressing sting nematodes with Brassica spp., poinsettia, and 
spotted spurge extracts. Agron. J., 98: 962-967. 
Cushman JC, Bohnert HJ (1997). Molecular Genetics of Crassulacean 
Acid Metabolism. Plant Physiol., 113: 667-676. 
Dahiya R (2008). Synthesis and in vitro cytotoxic activity of a natural 
peptide of plant origin. J. Iran. Chem. Soc., 5: 445-452. 
Davis CC, Latvis M,  Nickrent DL, Wurdack KJ, Baum DA (2007). Floral 
Gigantism in Rafflesiaceae. Sci., 315: 1812-1820. 
de Oliveira JS, Leite PM, de Souza LB, Mello VM, Silva EC, Rubim JC, 
Meneghetti SMP, Suarez PAZ (2009). Characteristics and 
composition of Jatropha gossypiifolia and Jatropha curcas L. oils and 
application for biodiesel production. Biomass Bioenerg., 33: 449-453. 
de Vasconcellos MC, de Amorim (2003). Activity of Euphorbia 
splendens var. hislopii NEB (Euphorbiaceae) latex against Lymnaea 
columella (Say, 1817) (Pulmonata : Lymnaeidae), intermediate host 
of Fasciola hepatica, Linnaeus, 1758 (Trematoda : Fasciolidae). 2: 
Limited field-testing. Mem. I. Oswaldo Cruz., 98: 981-985. 
Devi LS, Gupta P (2000). Evaluation of some plant lattices against 
Heterodera cajani on cowpea (Vigna sinensis). Natl. Acad. Sci. Lett., 
23: 65-67. 
Dias GOC, Porto C, Stuker CZ, Graessler V, Burrow RA, Dalcol I, da 
Silva UF, Morel AF (2007). Alkaloids from Melochia chamaedrys. 
Planta Med., 73: 289-292. 
dos Santos AF, Sant'Ana AEG (1999). Molluscicidal activity of the 
diterpenoids jatrophone and jatropholones A and B isolated from 
Jatropha elliptica (Pohl) Muell. Arg. Phytother. Res., 13: 660-664. 
dos Santos AF, de Azevedo DPL, Mata RDD, de Mendonca D, 
Sant'Ana AEG (2007). The lethality of Euphorbia conspicua to adults 
of Biomphalaria glabrata, cercaria of Schistosoma mansoni and 
larvae of Artemia salina. Bioresource Technol., 98: 135-139. 
Duarte N, Lage H, Ferreira MJU (2008). Three new jatrophane 
polyesters and anti proliferative constituents from Euphorbia 
tuckeyana. Planta Med., 74: 61-68. 
Duke JA (1983). Handbook of Energy Crops. Purdue University centre 
for new crops and plant products.  www.hort.purdue.educ. Accessed 
on 1 March 2009.  
Ekpo OE, Pretorius E (2007). Asthma, Euphorbia hirta and its anti-
inflammatory properties. S. Afr. J. Sci., 103: 201-203. 
El-Bassuony AA (2007). Antibacterial activity of new polyester 
diterpenes from Euphorbia guyoniana. Asian J. Chem., 19: 4553-
4562. 
Elujoba AA, Odeleye OM, Ogunyemi CM (2005). Review-Traditional 
medicine Development for medical and dental primary health care 
delivery system in Africa. Afr. J. Trad. Complem.,  2(1): 46-61. 
  
 
 
Falodun A, Ali S, Quadir IM, Choudhary IMI (2008). Phytochemical and 
biological investigation of chloroform and ethylacetate fractions of 
Euphorbia heterophylla leaf (Euphorbiaceae). J. Med. Plants Res., 2: 
365-369. 
Figueiredo AC, José JB, Luis GP, Johannes JCS (2008). Factors 
affecting secondary metabolite production in plants: volatile 
components and essential oils. Flavour Frag. J., 23: 213-226. 
Gershenzon J, Mabry TJ (1983). Secondary metabolites and the higher 
classification of angiosperms. Nord. J. Bot., 3:5-34. 
Goel G, Makkar HPS, Francis G, Becker K (2007). Phorbol esters: 
Structure, biological activity, and toxicity in animals. Int. J. Toxicol., 
26: 279-288. 
Gressler V, Stuker CZ, Dias GDC, Dalcol II, Burrow RA, Schmidt J, 
Wessjohann L, Morel AF (2008). Quinolone alkaloids from Waltheria 
douradinha. Phytochem., 69: 994-999. 
Griffiths H, Robe WE, Girnus J, Maxwell K (2008). Leaf succulence 
determines the interplay between carboxylase systems and light use 
during Crassulacean acid metabolism in Kalanchoe species. J. Exp. 
Bot., 59: 1851-1861. 
Grosvenor PW, Gothard PK, McWilliam NC, Supriono A, Gray DO 
(1995). Medicinal plants from Riau Province, Sumatra, Indonesia. 
Part 1: Uses. J. Ethnopharmacol., 45: 75-95. 
Gubitz GM, Mittelbach M, Trabi M (1999). Exploitation of the tropical oil 
seed plant Jatropha curcas L. Bioresource Technol., 67: 73-82. 
Gupta B, Rasmi S, Goyal Radha (2007). Therapeutic Uses of Euphorbia 
thymifolia: A Review. Pharmacogn. Rev., 1: 299-304. 
Hadacek F (2002). Secondary Metabolites as Plant Traits: Current 
Assessment and Future Perspectives. Crit. Rev. Plant Sci., 21: 273-
322. 
Henderson RJF (1992). Studies in Euphorbiaceae A.L.Juss., sens. lat. I. 
A revision of Amperea Adr. Juss. (Acalyphoideae Ascherson, 
Amphereae Muell. Arg.). Aust. Syst. Bot., 5: 1-27. 
Herbert RB (1989). The biosynthesis of secondary metabolites. 
Chapman and Hall, New York, London, p. 231. 
Herrera A (2009). Crassulacean acid metabolism and fitness under 
water deficit stress: if not for carbon gain, what is facultative CAM 
good for? Ann. Bot., 103: 645-653. 
Hirota M, Suttajit M (1988). A new tumor promoter from the seed oil of 
Jatropha curcas L., an intramolecular diester of 12-deoxy-16-
hydroxyphorbol. Cancer Res., 48: 5800-5804. 
Hiruma-Lima CA, Toma w, Gracioso JD, de Almeida ABA, Batista LM, 
Magri L, de Paula ACB, Soares FR, Nunes DS, Brito A (2002). 
Natural trans-crotonin: The antiulcerogenic effect of another 
diterpene isolated from the bark of Croton cajucara Benth. Biol. 
Pharm. Bull., 25: 452-456. 
Hoffmann P, McPherson G (2007). Revision of Wielandia including 
Blotia and Petalodiscus (Phyllanthaceae; Euphorbiaceae s.l.1. Ann. 
Mo. Bot. Gard., 94: 519-553. 
Hooper M (2002). Major hebs of Ayurveda. Elsevier Health Sciences, 
Elsevier, The Netherlands, p. 340. 
Hwang EI, Ahn BT, Lee HB, Kim YK, Lee KS, Bok SH, Kim YT, Kim SU 
(2001). Inhibitory activity for chitin synthase II from Saccharomyces 
cerevisiae by tannins and related compounds. Planta Med., 67: 501-
504. 
Jabbar A, Khan G (1965). Antimicrobial alkaloids from Euphorbia 
thymifolia. Pakistan J. Sci. Industr. Res., 8(1): 293-294. 
Jurberg P, Neto JBC, Schall VT (1985). Molliscicide activity of the 
‘avelos’ plant Euphorbia tirucalli L. on Biomphalaria glabrata the 
mollusk vector of Schistomiasis. Mem. I. Oswaldo Cruz., 80: 423-427. 
Kahn RA, Fahrendorf T, Halkier BA, Møller BL (1999). Substrate 
Specificity of the Cytochrome P450 Enzymes CYP79A1 and 
CYP71E1 Involved in the Biosynthesis of the Cyanogenic Glucoside 
Dhurrin in Sorghum bicolor L. Arch. Biochem. Biophys., 363: 9-18. 
Kapoor LD (1989). Handbook of Ayurdev madical plants, In L. D. 
Kapoor, (ed.). Med.plants. CRC Press. 
Kaushik N, Kumar K, Kumar S (2007). Potential of Jatropha curcas for 
biofuels. J. Biobased Mater. Biol., 1: 301-314. 
Kiem PV, Thua VK, Yen PH,  Nhiem NX, Tung NH, Cuong NX, Minh 
CV,  Huong HT,  Hyun JH, Kang HK, Kim YH (2009). New 
Triterpenoid Saponins from Glochidion eriocarpum and Their 
Cytotoxic Activity. Chem. Pharm. Bull., 57: 102-105. 
Kluge M, Razanoelisoa B, Brulfert  J  (2001).  Implications  of  genotypic 
Mwine and Van Damme          661 
 
 
 
diversity and phenotypic plasticity in the ecophysiological success of 
CAM plants examined by studies on the vegetation of Madagascar. 
Plant Biol., 3: 214-222. 
Konoshima T, Konishi T, Takasaki M, Yamazoe K, Tokuda H (2001). 
Anti-tumor-promoting activity of the diterpene from Excoecaria 
agallocha. Biol. Pharm. Bull., 24: 1440-1442.  
Koricheva J, Larsson S, Haukioja E, Keinanen M (1998). Regulation of 
woody plant secondary metabolism by resource availability: 
hypothesis testing by means of meta-analysis. Oikos. p. 83 :212. 
Krebs HC, Duddeck H, Malik S, Beil W, Rasoanaivo P,  Andrianarijaona 
M (2004). Chemical composition and antitumor activities from Givotia 
madagascariensis. J. Chem. Sci., 59: 58-62. 
Kumar N, Sharma PB (2005). Jatropha curcus - A sustainable source 
for production of biodiesel. J. Sci. Ind. Res. India, 64: 883-889. 
Lai XZ, Yang YB, Shan XL (2004). The Investigation of Euphorbiaceous 
Medicinal Plants in Southern China. Econ. Bot., 58: S307-S320. 
Leakey J (2006). Medicinal plant list. http://jonathanleakey.com. 
Accessed on 30 June 2009. 
Li B, Wang X, Chen R, Huangfu WG, Xie GL (2008). Antibacterial 
activity of chitosan solution against Xanthomonas pathogenic 
bacteria isolated from Euphorbia pulcherrima. Carbohyd. Polym., 72: 
287-292. 
Lin CC, Cheng HY, Yang CM, Lin TC (2002). Antioxidant and antiviral 
activities of Euphorbia thymifolia L.  J. Biomed. Sci., 9: 656-664. 
Liu K, Lin MT, Lee SS, Chiou JF, Ren SJ, Lien EJ (1999). Antiviral 
tannins from two Phyllanthus species. Planta Med., 65: 43-46. 
Liu Y,  Murakami N,  Ji H, Abreu P,  Zhang S (2007). Antimalarial 
flavonol glycosides from Euphorbia hirta. Pharm. Biol., 45: 278-281. 
Lombard S, Helmy ME, Pieroni G (2001). Lipolytic activity of ricin from 
Ricinus sanguineus and Ricinus communis on neutral lipids. 
Biochem. J., 358: 773-781. 
Lovell CR (1998). Some biblical plants of dermatological importance. 
Clin. Dermatol., 16: 33-40. 
Lüttge U (2008). Stem CAM in arborescent succulents. Trees – Struct. 
Funct., 22: 139-148. 
Lüttge U (2004). Ecophysiology of Crassulacean Acid Metabolism 
(CAM). Ann. Bot., 93: 629-652. 
Madureira AM, Valente C, Bastos AC, Ascenso JR, Ferreira MJU 
(2002). Study of the methanol extract of Euphorbia segetalis. Pr. 
Phyt. Soc., 47: 65-71. 
Mampane KJ, Joubert PH, Hay IT (1987). Jatropha curcas: Use as a 
traditional Tswana medicine and its role as a cause of acute 
poisoning. Phytother. Res., 1: 50-51. 
Maria FMB, Vera L, Suzanne TT, Maria G, Jose A, Hebling O (2004). 
Activity of Ricinus communis (Euphorbiaceae) and ricinine against 
the leaf-cutting ant Atta sexdens rubropilosa (Hymenoptera: 
Formicidae) and the symbiotic fungus Leucoagaricus gongylophorus. 
Pest Manag. Sci., 60: 933-938. 
Mathabe MC, Hussein AA, Nikolova RV, Basson AE, Meyer JJM, Lall M 
(2008). Antibacterial activities and cytotoxicity of terpenoids isolated 
from Spirostachys africana. J. Ethnopharmacol., 116:194-197. 
Meneghetti SAP, Meneghetti MR, Serra TA, Barbosa DC, Wolf CR 
(2007). Biodiesel production from vegetable oil mixtures: cottonseed, 
soybean, and castor oils. Energ. Fuel, 21:3746-3747. 
Metlen KL, Aschehoug ET, Callaway RM (2009). Plant behavioural 
ecology: dynamic plasticity in secondary metabolites. Plant Cell 
Environ., 32: 641-653. 
Mohamed S, Saka S, ElSharkawy SH, Ali SM, Muid S (1996). 
Antimycotic screening of 58 Malaysian plants against plant 
pathogens. Pestic. Sci., 47: 259-264. 
Nkeh BCA, Njamen D, Wandji J, Fomum ZT, Dongmo A, Nguelefack 
TB, Wansi D, Kamanyi A (2003). Anti-inflammatory and analgesic 
effects of drypemolundein A, a sesquiterpene lactone from Drypetes 
molunduana. Pharm. Biol., 41: 26-30. 
Ogbulie JN, Ogueke OO, Okoli IC, Anyanwu BN (2007). Antibacterial 
activities and toxicological potentials of crude ethanolic extracts of 
Euphorbia hirta. Afr. J. Biotechnol., 6: 1544-1548. 
Ogunwenmo KO, Idowu OA, Innocent C, Esan EB, Oyelana OA (2007). 
Cultivars of Codiaeum variegatum (L.) Blume (Euphorbiaceae) show 
variability in phytochemical and cytological characteristics. Afr. J. 
Biotechnol., 6: 2400-2405. 
Okigbo  RN,  Anuagasi  CL, Amadi  JE  (2009).  Advances   in  selected 
662          J. Med. Plant. Res. 
 
 
 
medicinal and aromatic plants indigenous to Africa. J. Med. Plants Res., 
3: 86-89. 
Palatnick W, Tenenbein M (2000). Hepatotoxicity from Castor Bean 
Ingestion in a Child. Clin. Toxicol., 38: 67-69. 
Perez-Amador MC, Monroy MA, Bustamante G (2003). Essential oil in 
leaves of Croton pseudoniveus and C suberosus (Euphorbiaceae) 
species. Phyton-Int. J. Exp. Bot., 54: 109-112. 
Peumans WJ, Van Damme EJM (1995). Lectins as Plant Defense 
Proteins. Plant Physiol., 109: 347-352. 
Rossi D, Bruni R, Bianchi N, Chiarabelli C, Gambari R, Medici A, Lista 
A, Paganetto G. (2003). Evaluation of the mutagenic, antimutagenic 
and antiproliferative potential of Croton lechleri (Muell. Arg.) latex. 
Phytomed., 10: 139-144. 
Salah MA, Bedir E, Toyang NJ, Khan IA, Harries MD, Wedge DE 
(2003). Antifungal clerodane Diterpenes from Macaranga monandra 
(L) Muell. et Arg. (Euphorbiaceae). J. Agr. Food Chem., 51: 7607-
7610. 
Sanchez T, Salcedo E,  Ceballos H, Dufour D, Mafla G, Morante N, 
Calle F, Perez JC,  Debouck D, Jaramillo G, Moreno IX (2009). 
Screening of Starch Quality Traits in Cassava (Manihot esculenta 
Crantz). Starch-Starke, 61: 12-19. 
SchmedaHirschmann G, Razmilic I, Sauvain M,  Moretti C,  Munoz V, 
Ruiz E, Balanza E, Fournet A (1996). Antiprotozoal activity of 
jatrogrossidione from Jatropha grossidentata and Jatrophone from 
Jatropha isabellii. Phytother. Res., 10: 375-378. 
Seigler DS (1994). Phytochemistry and systematics of the 
Euphorbiaceae. Ann. Mol. Bot. Gard., 81: 380-401. 
Shakil N A, Kumar J, Pandey R, Saxena DB (2006). 2nd International 
Symposium on Green and Sustainable Chemistry, Delhi, INDIA. Jan 
10-13. Pergamon-Elsevier Science Ltd. 
Shakil NA, Pankaj J, Kumar J, Pandey R, Saxena DB (2008). 
Nematicidal prenylated flavanones from Phyllanthus niruri. 
Phytochem., 69: 759-764. 
Shi J-X, Li ZX,  Nitoda T, Izumi M, Kanzaki T, Baba N, Kawazu K, 
Nakajima S (2007). Three Antinematodal Diterpenes from Euphorbia 
kansui. Biosc. Biotechnol. Biochem., 71: 1086-1089. 
Shi JX,  Li ZX,  Nitoda T, Izumi M, Kanzaki T, Baba N, Kawazu K, 
Nakajima S (2008). Antinematodal activities of Ingenane diterpenes 
from Euphorbia kansui and their derivatives against the pine wood 
namatode (Bursaphelenchus xylophilus). J. Biosci., 63: 59-65. 
Shlamovitz GZ, Gupta M, Diaz JA (2009). A case of acute 
keratoconjunctivitis from exposure to latex of Euphorbia tirucalli 
(pencil cactus). J. Emerg. Med., 36: 239-241. 
Shripad MU, Kotkar HM, Mendki PS Maheshwari VL (2003). Partial 
characterization and insecticidal properties of Ricinus communis L. 
foliage flavonoids. Pest Manag. Sci., 59: 1349-1354. 
Srinivas T (2007). Industrial demand for cassava starch in India. Starch-
Starke, 59: 477-481. 
Ssegawa P, Kasenene JM (2007). Medicinal plant diversity and uses in 
the Sango bay area, Southern Uganda. J. Ethnopharmacol., 113: 
521-540. 
Suarez AI, Blanco Z, Delle Monache F, Compagnone RS, Arvelo F 
(2004). Three new glutarimide alkaloids from Croton cuneatus. Nat. 
Prod. Res., 18: 421-426. 
Sutthivaiyakit S, Thapsut M, Prachayasittikul V (2000). Constituents and 
bioactivity of the tubers of Euphorbia sessiliflora. Phytochem., 53: 
947-950. 
Taniguchi S, Uechi K, Kato R, Ito H, Hatano T, Yazaki K, Yoshida T 
(2002). Accumulation of hydrolyzable tannins by Aleurites fordii callus 
culture. Planta Med., 68: 1145-1146. 
Theis N, Lerdau M (2003). The Evolution of Function in Plant 
Secondary Metabolites. Int. J. Plant Sci., 164: S93-S102. 
Thumm EJ, Bayerl C, Goerdt S (2002). Allergic reaction following 
contact with Hura crepitans (sandbox tree). Hautarzt 53: 192-195. 
Tokuoka T (2007). Molecular phylogenetic analysis of Euphorbiaceae 
sensu stricto based on plastid and nuclear DNA sequences and ovule 
and seed character evolution. J. Plant Res., 120: 511-522. 
Tokuoka T, Tobe H (1995). Embryology and systematics of 
Euphorbiaceaesens. lat.: a review and perspective. J. Plant Res., 
108: 97-106. 
 
 
 
 
 
 
Ukwe CV (1997). Antiulcer activity of aqueous stembark extract of 
Hymenocardia acida TUL (Euphorbiaceae). Int. J. Pharmacogn., 35: 
354-357. 
Valente C, Pedro M, Duarte A, Nascimento MSJ, Abreu PM, Ferreira 
MJU (2004). Bioactive diterpenoids, a new jatrophane and two ent-
abietanes, and other constituents from Euphorbia pubescens. J. Nat. 
Prod., 67: 902-904. 
Van Damme EJM (2008). Plant Lectins as Part of the Plant Defense 
System Against Insects, In A. Schaller, ed. Induced Plant Resistance 
to Herbivory. Springer Science+Bussinessmedia B.V. pp. 285-307. 
Van Damme P (1989). Het traditioneel gebruik van Euphorbia tirucalli. 
Afr. Focus, 5: 176-203. 
Van Damme PLJ (2001). Euphorbia tirucalli for high biomass 
production, in: A. Schlissel and D. Pasternak (Eds.), Combating 
desertification with plants, Kluwer Academic Pub. pp. 169-187. 
Vassiliades G (1984). Note on the molluscicidal properties of 2 
Euphorbiaceae plants – Euphorbia tirucalli and Jatropha curcas. Rev. 
Elev. Med. Vet. Pay., 37: 32-34. 
Vattuone MA, Prado FE, Sayago JE, Sampietro AR (1991). Effect of 
lectins on Ricinus invertase. Phytochem., 30: 419-422. 
Veronese P, Ruiz MT, Coca MA, Hernandez-Lopez A, Lee H, Ibeas JI, 
Damsz B, Pardo JM, Hasegawa PM, Bressan RA, Narasimhan ML 
(2003). In Defense against Pathogens: Both Plant Sentinels and Foot 
Soldiers Need to Know the Enemy. Plant Physiol., 131: 1580-1590. 
Vogg G, Mattes E, Rothenburger J, Hertkorn N, Achatz S, Sandermann 
H (1999). Tumor promoting diterpenes from Euphorbia leuconeura L. 
Phytochem., 51: 289-295. 
Von Willert DJ, Eller BM, Werger MJ, Brinckmann E, Ihlenfeldt HD 
(1990). Life strategies of succulents in deserts Cambridge studies in 
ecology. Cambridge University Press. U.K., p. 456. 
Wansi J, Wandji MC, Lallemand D, Chiozem D, Samreen MC, Iqbal F, 
Fomum ZT (2007). Antileishmanial furansesquiterpene and 
triterpenoids from Drypetes chevalieri Beille (Euphorbiaceae). Bol. 
Latinoam. Caribe., 6: 5-10. 
Webster GL (1975). Conspectus of a new classification of the 
Euphorbiaceae. Taxon, 24: 593-601. 
Webster GL (1994). Classification of the Euphorbiaceae. Ann. Mo. Bot. 
Gard., 81: 3-32. 
Wei Q, Liao Y, Chen Y, Wang SN, Xu Y, Tang L, Chen F (2005). 
Isolation, characterisation and antifungal activity of beta-1, 3-
glucanase from seeds of Jatropha curcas. S. Afr. J. Bot., 71: 95-99. 
Wink M (2003). Evolution of secondary metabolites from an ecological 
and molecular phylogenetic perspective. Phytochem., 64: 3-19. 
Wurdack  KJ, Hoffmann P, Chase MW (2005). Molecular phylogenetic 
analysis of uniovulate Euphorbiaceae (Euphorbiaceae sensu stricto) 
using plastid RBCL and TRNL-F DNA sequences. Am. J. Bot., 92: 
1397-1420. 
Xu ZH, Sun J, Xu RS, Qin JW (1998). Casbane diterpenoids from 
Euphorbia ebracteolata? Phytochem.,49: 149-151. 
Yang XW, Wang JS, Ma YL, Xiao HT,  Zuo Q, Lin H, He HP, Li L, Hao 
XJ (2007). Bioactive Phenols from the leaves of Baccaurea ramiflora. 
Planta Med., 73: 1415-1417. 
Yu FR,  Lian XZ, Guo HY,  McGuire PM, Li RD, Wang R, Yu FH (2005). 
Isolation and characterization of methyl esters and derivatives from 
Euphorbia kansui (Euphorbiaceae) and their inhibitory effects on the 
human SGC-7901 cells. J. Pharm. Pharm. Sci., 8: 528-535. 
Zakaria ZA, Khairi HM, Somchit MN, Sulaiman MR, Mat Jais MR 
(2006). The in vitro Antibacterial Activity and Brine Shrimp Toxicity of 
Manihot esculenta var. Sri. Int. J. Pharmacol., 2: 216-220. 
Zhang WL,  Peumans WJ, Barre A,  Astoul CH, Rovira P, Rouge P, 
Proost P, Truffa -Bachi P, Jalali AH, Van Damme EJM (2000). 
Isolation and characterization of a jacalin-related mannose-binding 
lectin from salt-stressed rice (Oryza sativa) plants. Planta., 210: 970-
978. 
Zheng WF, Cui Z, Zhu Q (1998). Cytotoxicity and antiviral activity of the 
compounds from Euphorbia kansui. Planta med., 64: 754-756. 
 
